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Development of Pb-free Solder Ball with High Drop
Impact Reliability
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Sn-Ag-Cu based Pb-free solder alloy has been designed for BGA solder joints
from the viewpoint of mechanical drop impact reliability as well as thermal
fatigue reliability. We found that reducing the Ag content in the solder
contributed to increasing the bulk failure rate due to an enhanced ductility. In
addition, doping Ge is effective in suppressing bond strength degradation
during aging because of the slow IMC growth on electroplated Ni/Au.
Consequently, Sn-0.3Ag-0.7Cu-0.1Ge and Sn-1Ag-0.5Cu showed excellent
impact reliability compared to commercial standard Pb-free solder alloy, Sn-
3Ag-0.5Cu. In terms of thermal fatigue reliability, however, both solders were

not as good as Sn-3Ag-0.5Cu, because of poor creep resistance.
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Fig.1 Schematic diagram of bump pull test.
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Table 1 Chemical composition of solder ball for preliminary
examination.

Element (mass%)
Alloy

Ag Cu Ge Al Sn

SACO0307 0.3 0.7 - - Bal.
SAC105 1 0.5 - - Bal.
SAC305 3 0.5 - - Bal.
SAC305G 3 0.5 0.1 - Bal.
SAC305A 3 0.5 - 0.1 Bal.
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Fig. 2 Bump pull strength and failure modes. (left: as-reflowed;
right: annealed; (a): bulk fracture, (b): bulk/interfacial fracture,
(c): interfacial fracture).
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Fig.3 Cross-sections of solder bumps before and after
annealing.
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Table 2 Chemical composition of solder balls for board level
evaluation.

Element (mass%)
Alloy
Ag Cu Ge Pb Sn
SAC0307G 0.3 0.7 0.1 - Bal.
SAC105 1 0.5 - - Bal.
SAC305 3 0.5 - - Bal.
SP - - - 37 Bal.
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Tabe 3 Test vehicle specifications for board level reliability
tests.

13x 13x 1
7.2x 7.2x 0.4

PKG size (mm)
Chip size (mm)

Pad diameter (mm) 0.25

BGA Pad pitch (mm) 0.5
Pad opening Solder mask defined
Number of pads 345

Surface finish Electroplated Ni/Au
132x 77x 1 (for drop test)

24x 24x 1 (for TCT)

Board size (mm)

PWB Pad diameter (mm) 0.28
Pad opening Non solder mask defined
Surface finish OSsP
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Fig. 4 Board level drop test based on JEDEC standards: (a)
schematic diagram of drop tester; (b) photograph of test
vehicle.
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Fig. 5 Heat profile at thermal cycling test based on JEITA
standards.
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Fig. 6 Drop impact reliability of BGA solder joints.
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Fig. 7 Cross-sections of BGA solder joints after drop test.
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Fig. 8 Thermomechanical fatigue lives of BGA solder joints.
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Fig. 9 Cross-sections of BGA solder joints after thermal cycling
test.
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Fig. 10 Ternary phase diagrams: (a) Cu-Ni-Sn system; (b) Au-
Ni-Sn system.
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Fig. 11 Microstructure of Sn-3Ag-0.5Cu-0.5Al solder.
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Fig. 12 Microstructure of Sn-3Ag-0.5Cu-0.5Ge solder.
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